The present work aims to study the influences of depth and orientation on the distribution of macrofouling communities at shallow coastal harbour (Abu Qir Harbour, Egypt, southeast Mediterranean Sea). Fouling communities were collected for a period of one year (June 2006 -May 2007) by suspended white test panels at different depths (from 0.5 m to 5.5 m) in two directions (horizontal and vertical). Panels were submerged on short-term durations of 30 days. Every panel was studied (on both sides) for species composition and abundance of fouling taxa, as well as the total biomass of the community. Data of fouling assemblages obtained were analysed using ANOVA and non-parametric tests in order to compare the variations of assemblages with season, depth and direction. In general, the abundance and biomass of fouling community were significantly related to the season and depth rather than orientation. Although comparison of fouling assemblages (for direction) between the panel surfaces were not statistically significant; the horizontal panels, in particular, support more fouling organisms.
Introduction
The assemblage of fouling organisms on an exposed surface depends obviously on the species naturally existing at a given site as well as their ability to attach and grow on that surface (Hillman, 1977) . In most circumstances, larvae are able to undergo active vertical movements in marine near shore and estuarine waters (Mileikovsky, 1973) .
The importance of depth as a structuring factor for fouling assemblages was investigated by many authors (e.g. Pisano and Boyer, 1985; Rajagopal et al., 1997; Glasby, 1999a, b; Smith and Witman, 1999; Rule and Smith, 2007; Moura et al., 2007; and Satheesh and Wesley, 2009 ). These studies demonstrated that most changes in community structure across a vertical gradient are generally related to the physical factors that co-vary with depth. Other intra-and inter-specific interactions of the community arise in the partition of space and food, contributing to the dominance or absence of species (Kocak and Zamboni, 1998) . Other reports have mentioned that the orientation of submerged surface has significant effects on the distribution of marine fouling (e.g. Glasby, 2000; Glasby and Connell, 2001; AND Knott et al., 2004) .
The settlement of fouling communities on submerged panels in the Egyptian marine environment has been documented in a number of studies. These include (Banoub, 1960; Megally, 1970; Ghobashy, 1976; El-Komi, 1991 , 1998 AND Ramadan et al., 2006a, b) in Alexandria waters, (Ghobashy et al., 1980; Ghobashy and El-Komy, 1981a, b; Ramadan, 1986; Emara and Belal, 2004) in the Suez Canal, and and and Emara, 2002) in the Gulf of Suez.
Only a few studies gave some observations about the influence of orientation, including Ghobashy (1976) in the Eastern Harbour of Alexandria, and Ghobashy and El-Komy (1981a) in Lake Timsah, Suez Canal. They indicated that the fouling organisms prefer to settle on the underside of horizontal surfaces rather than on the vertical surfaces. As regards the importance of depth, a decrease in the intensity of fouling with depth in the Suez Canal was reported by Ghobashy et al. (1980) and Ghobashy and El-Komy (1981a, b) .
All the above attempts were included in the general investigations of marine fouling at the studied sites. The present communication gains its importance being specifically concerned with the role of depth and/or orientation of deployed panels on the distribution of biofouling in Egyptian waters, utilizing modern statistical treatments. The main objectives of this preliminary study are (i) to reveal the effect of differential seasonal exposure on the development of macrofouling communities in a shallow harbour (Abu Qir harbour, east of Alexandria, Egypt; southeast Mediterranean Sea), (ii) to test how assemblage structure responds to differences in surface orientation of the settlement substrates, and (iii) to investigate the effect of depth on the distribution of the epifaunal assemblages.
Materials and Methods
The investigated site Abu Qir harbour is a shallow coastal harbour situated nearly at the head of the Abu Qir Bay between the dead and open seas (30º 04´ E and 31º 19´ 44" N) ( Fig.1) . The Bay is a shallow semicircular basin, East of Alexandria. It has an area of 500 Km 2 with an average depth of 12 m, maximum depth of 16 m and a shoreline of 50 Km long (Nessim and El-Deek, 1993) . The water of Abu Qir Bay is affected by continental discharges, the most important of which is represented by slightly brackish water, flowing from Edku Lake via Boughaz El-Maadia opening, at a rate of about 6X10 6 m 3 / day. This water is mainly agricultural drainage (Mohamed and El-Maradny, 2001) . The other source is El-Tabia pumping station with an average daily discharge amounting to about 2×10 6 m 3 , including drainage water from El-Behera Province, as well as industrial wastes from 22 different plants producing fertilizers, textiles, dyes, as well as food processing and canning (Said et al., 1995) . The northeastern margin of the bay ends with the opening of Rosetta Nile branch. Inside Abu Qir harbour, there are piers where civil and military ships are docked. Experimental test panels were dangled in the military pier, where the mean water depth is 7 m.
The fouling organisms were collected on white roughened polystyrene test panels (each 125 X 125 X 3 mm.). Panels were submerged for monthly intervals, during one year (June 2006 -May 2007 . Four holes were drilled at the corners of each panel. Two sets of test panels were suspended in the two orientations (horizontal and vertical); at different depths starting from 0.5 m below low tide level to 5.5 m. Each set was anchored to specific point on the pier. The panels were separated by 1 m distance rope between them, and the end of each set was tied to a load. At the end of each month, the two panel sets were collected and replaced by other new sets.
The panel of each depth was examined for the upper and lower surfaces of the horizontal orientation and separately for both sides of the vertical one. The abundance of countable fouling organisms was made manually by counting the number of individuals after separating them into different taxa or groups, and expressed as the number of individuals per panel area except for colonial forms. The area covered by colonial forms, like bryozoans and ascidians, was expressed as percentage of coverage on test panels. For this purpose, a quadrate of the same size as the panel was marked with points at 1 cm intervals on a transparency sheet. This sheet was laid over the panel and the number of points overlapping each organism was counted. Total abundance was calculated only for countable taxa. The biomass of the total fouling was estimated as wet weight (gm) after removing excess water by blotting paper and carefully scraping off the fouling material and weighing them as total biomass for each surface or side.
Moreover, monthly records of some physicochemical variables at the investigated site, such as water temperature, transparency, salinity, pH and dissolved oxygen, were measured.
Monthly data of abundance and biomass of total fouling were used as response variable replicates for the changes of seasonal exposure, direction, and depth of the deployed panels. The differences between assemblages across different seasons, directions, and depths were examined using three-ways repeated measures ANOVA test of the SPSS computer package. As the data were not normally distributed, natural logarithmic transformation of the data was done to meet the assumptions of repeated measures. The within-subjects tests are concerned with the seasonal changes, the between-subjects tests for the effects of depth and direction.
Mauchly's test indicated that the assumption of sphericity had been violated; therefore degrees of freedom were corrected using Greenhouse-Geisser estimates of sphericity as these are the most conservative. The main effects were compared using Bonferroni confidence interval adjustment. Moreover, comparisons of the most dominant taxa were done using non-parametric test (Kruskal-Wallis test) to compare counts among seasons and depths.
Results

Physicochemical Variables
Water temperature showed clear seasonal variation. The highest was recorded during July 2006 (summer season) and the lowest in January 2007 (winter). The maximum value of transparency (400 cm) was recorded during December 2006 (winter) and the minimum value (65 cm) in April 2007. Salinity (35.98 -38.97‰) and pH (7.43 -8.29) values of seawater showed narrow limit of variations. The dissolved oxygen concentration ranged between 3.44 mg/l (April 2007) and 10.40 mg/l (October 2006).
Community Composition
From the 144 test panels that were analyzed, a total of 252574 individuals, representing 44 macrofouling taxa were recorded (Table 1) . The recorded taxa affiliated to 14 groups: i.e. Chlorophycophyta, Hydrozoa, Nemertina, Nemata, Polychaeta, Bivalvia, Cirripedia, Tanaidacea, Isopoda, Amphipoda, Decapoda, Pycnogonida, Bryozoa, and Tunicata. Polychaeta was the most diverse group and represented by 11 taxa, followed by Amphipoda (6 taxa); Cirripedia, Isopoda, and Bryozoa (5 taxa each). Three hydrozoans, and two bivalve taxa were recorded. The 7 remaining groups were represented each by only one taxon. It is noteworthy that colonial organisms such as encrusting Bryozoa generally occupied low percentages of panel areas, while hydroids occasionally covered the whole panel area.
The tube worm Hydroides elegans was the most dominant taxon (about 84.0 %) in all depths, over both orientations. Faunal variations in the abundance and biomass of total fouling were observed with respect to season of immersion, orientation and depth as shown below.
Season of Immersion
The month of panel exposure had a significant influence on the recruitment and seasonal distribution of fouling communities at the studied harbour. Thirty taxa were recorded samples deployed over summer (June-August, 2006 ) compared with only 12 from samples deployed over winter (December, 2006 -February, 2007 (Table 1 ). The results indicated that the maximum total abundance and biomass of fouling community were recorded during summer; meanwhile the minimum values were recorded during winter season.
Tests of repeated measure ANOVA indicated that, there were significant differences between different seasons for total abundance and biomass of fouling settled on the horizontal panels (P=0.0001; Table 2 ) with more fouling during summer and a decline in winter season. Regarding the vertical panels, the test revealed that there were significant seasonal variations for the total biomass (P=0.0001; Table 3 ), and total abundance being significantly lower in winter than in the other seasons (P=0.0001). Such variations were modified by the different depths and direction for the horizontal panels and by depth for wet total biomass of the vertical ones (Tables 2, 3) .
Orientation
Taxon richness showed variations according to orientation with more taxa on the horizontal panels than the vertical panels, except during winter. Similarly more individuals and biomass on the horizontal panels except in spring (Table 1) . During summer, a total of 103104 individuals weighing 1575 gm were collected from both surfaces of the horizontal panels at different depths, compared to 21036 individuals weighing 309 gm collected from both sides of the vertical panels. The same pattern was also encountered during autumn and winter seasons. Meanwhile, in spring a total of 23996 individuals weighing 333 gm were collected from both sides of the vertical panels compared to 17119 individuals weighing 279 gm collected from both surfaces of horizontal panels.
Although the difference in abundance and biomass of total fouling between horizontal and vertical panel surfaces were not statistically significant (P=0.401, P=0.944, P=0.412, and P=0.425; respectively) ( Table 2 , 3). It was evident that the upper surface was stuffed by more fouling organisms except during winter season when the reverse case was observed ( Fig. 2 b, d ). For the sides of the vertical panels, the abundance and biomass of total fouling communities did not show clear preference ( Fig. 3 b, d ).
Depth
Depth appeared to have an effect on the distribution of macrofouling in the area of study and was related to season of immersion and orientation. Three-ways ANOVA test showed that the effect of depth was more obvious on the abundance and biomass of total fouling settling on the horizontal panels, but only on total biomass of the vertical panels.
For the horizontal panels, during summer (June-August, 2006) and spring (March-May, 2007) , there was a general drop in the total abundance and biomass on both surfaces with increasing the depth of panel immersion (Fig. 2 a, c) . However, during autumn (September-November, 2006) , there was a general increase in the total abundance on both surfaces with increasing the depth of panel immersion until 4.5m, followed by a decrease at 5.5 m, but the total biomass demonstrated random pattern. Meanwhile, during winter (December, 2006 -February, 2007 , a general increase in the total abundance and biomass on both surfaces was observed with increasing the depth of panel immersion. Minimal values of abundance 107, 11, and 0 individuals /panel area were recorded during December 2006, January and February 2007, respectively, at the 0.5m level; versus 2229, 435 and 48 individuals /panel area recorded at 5.5 m. Tests of repeated measure ANOVA indicated that there was a significant difference with depth for the total abundance and biomass (P=0.026, P=0.001; Table 2 ). It also showed that the interaction between season and depth was also significant during the different seasons (P=0.019, P=0.0001; Table  2 ). For the vertical panels, no clear relation was observed for the total abundance and biomass of both sides with depth gradient except in spring where there was a decrease in the total abundance and biomass on both surfaces with increasing the depth of panel immersion (Fig. 3 a, c) . Tests of repeated measure ANOVA indicated that, only a highly significant difference was estimated between depths for total biomass (P=0.005, Table 3 ). It also showed that the interaction between season and depth was also significant (P=0.003, Table 3 ).
Comparison of Dominant Taxa
For the horizontal panels, all dominant taxa showed significant differences between seasons except for Balanus eburneus, Sphaeroma walkeri and Styela partita, with less individuals during winter (Kruskal-Wallis test, P<0.01) ( Table 4 ). For variations with regard to depth, Balanus amphitrite, B. eburneus, Ctenodrilus parvulus and Stenothoe gallensis showed significant difference (P<0.01), becoming less abundant with depth, contrary to Spirobranchus tetraceros alone representing the reverse condition.
Meanwhile, most taxa on the vertical panels, showed significant difference between seasons except for the isopods (Kruskal-Wallis test, P<0.01 or P<0.05). Considering the effect of depth, Balanus amphitrite, Stenothoe gallensis and Cymodoce truncate became significantly less abundant (P<0.01 or P<0.05) with depth, contrary to Ctenodrilus parvulus and Styela partita. 
Discussion
In the present study, the fouling communities on the exposed test panels were dominated by tube worms, barnacles, hydroids, and bryozoans associated with isopods and amphipods. Sponges reproduce mainly by regeneration but, Larvae released from intertidal sponges can swim actively, respond to environmental stimuli, and settle in a suitable habitat in a relatively short period (Amano, 1986) . This may explains the absence of this group on the exposed panels.
Taxon richness, abundance and biomass of total fouling may vary temporally from season to another, and spatially by orientation and depth.
Season of Immersion
Changes in the structure of benthic habitats occur across a number of physical gradients and result in corresponding changes in the structure of the associated epifaunal assemblages. Marine biofouling is governed by several factors, including salinity, temperature, nutrient levels, flow rates and light levels (Hart, 2005) . These factors vary seasonally, spatially and with depth. It is well established that the patterns of colonization and succession in biofouling communities within temperate regions are highly affected by seasonality. This is reflected in changes in both quantity and taxa composition of fouling communities. Test of three-way repeated measure ANOVA indicated in the present investigation that there are significant differences according to seasons, with higher abundance and biomass of fouling communities during summer season and a decline in winter season.
As for the effect of temperature on the total density and biomass of fouling fauna, Wisely (1959) , Lepore and Gherardi (1977) and Ramadan (1986) indicated that settlement of fouling fauna was heaviest during the summer months in Sydney harbour (Australia), Brindisi harbour (Italy) and in Port Said and Western harbour of Alexandria (Egypt), respectively. Such effect was, however, not detected in other sites, as in Kudankulam coastal waters (east coast of India) without any apparent preference of seasonality (Satheesh and Wesley, 2009 ). Foster (1970) indicated that salinity might act as a limiting factor influencing the dominance of fouling organisms as well as their survival and growth. Although, the water of Abu Qir bay is affected by three continental discharges, there is no dramatic change in the values of salinity at the studied harbour, which may be due to the prevailing surface water currents. These are dominated by the prevailing north to northwest wind regime with the flowing currents mainly in an east/southeast direction (Sharaf El Din et al., 2010) . Evidences reveal that the seasonality of fouling at the studied area is more affected by the water temperature rather than by salinity.
Orientation
Although, the difference in abundance and biomass of total fouling on the panel surfaces were not statistically significant, those of the horizontal panels have shown to support more fouling organisms (taxon richness, abundance and biomass) than of the vertical ones. The same observation was formerly reported by Ghobashy and El-Komy (1981a) in Lake Timsah, Suez Canal. Studying a similar topic in Middle Harbour, Australia, Glasby (2000) mentioned that effects of orientation on serpulid Hydroides elegans (principal fouler in the present study) and H. ezoensis were obvious for sandstone and concrete panels (with horizontal>vertical). On the other hand, Walker et al. (2007) reported that the horizontal surfaces supported significantly fewer species at substantially reduced cover than the vertical surfaces at two investigated depths (12, 18 m) for artificial reefs of shipwreck, East Australia. However, both Abu Qir Harbour (in the present study) and australian Middle Harbour (Glasby, 2000) are sheltered waterways which may diminish the effect of wave action and smothering effect of sediment on the horizontal panels. Higher disturbance of smothering effect and/or insufficient time for colonization are associated with coastal deep-water at La Jolla, California (Aleem, 1957) ; and sunken vessel, East Australia (Walker et al., 2007) .
Light represents an important factor in the vertical distribution of epibenthic assemblages on hard surfaces, and is highly affected by orientation of the deployed panels. In the current study, the settlement of macro-algae (Enteromorpha prolifera) was abundant during April, 2007 (spring) on the upper surfaces of the horizontal panels, suspended at different depths from 0.5 m to 3.5 m with a maximum percentage cover of 65% of panel area at 0.5 m depth. On the contrary, it was totally absent on the vertical panels. This is mainly related to the availability of optimum light for growth on the upper surfaces. Ramadan (1986) indicated that spring was the flourishing season of macroalgae in the Western Harbour of Alexandria. A greater contribution of macroalgae in the fouling community at 1.5 m depth was reported by Qvarfordt et al. (2006) in the Baltic Sea. Rico et al. (2010) , studying in the Patagonian harbour, Argentina, south-western Atlantic, mentioned that filamentous algae were dominant on upper surfaces, while filter-feeding invertebrates were more abundant on the lower surfaces of the experimental panels.
Shade can positively influence the recruitment of some fouling organisms such as zebra mussels (Kobak, 2001) , polychaetes (Glasby, 1999a) and Ascidia (Young and Chia, 1984) . It has been demonstrated by many studies that the shaded underside often have more luxuriant growth than vertical or unshaded surfaces (e.g. Glasby and Connell, 2001; and Miller and Ron, 2008) . According to other studies, distribution of fouling organisms may be affected not only by shading, but also by a combination of factors such as light, predation/grazing, larval behavior and water flow at micro-or meso-scales (Glasby, 1999a; and Glasby and Connell, 2001) . In the present study, the difference in fouling density between the horizontal and the vertical panels may in some cases relate to shading and in others to the limited disturbing effect of sedimentation on the horizontal panels and/or the availability of sufficient time for colonization by the taxa.
Depth
The present study has shown that depth plays an important role in structuring the assemblages of benthic epifauna. This is consistent with other studies on fouling communities at different depths in artificial habitats (Stachowitsch et al., 2002; and Hereu et al., 2004) . Various fouling species can differ greatly in abundance with relatively little differences in depth (Witman and Grange, 1998) . In the present investigation, ANOVA test revealed that the effect of depth is more obvious on abundance and biomass of fouling settling on horizontal panels, but only on biomass of the vertical panels. During summer 2006 and spring 2007, there is a decrease in the total fouling abundance and biomass of both surfaces of the horizontal panels with depth. Stachowitsch et al. (2002) , working on fouling at offshore oil platforms (Abu Dhabi, southern Arabian Gulf), mentioned, however, that both the number of individuals and the total biomass tended to decrease with depth. Ghobashy and El-Komy (1981a) reported that the uppermost two meters were the most populated panels in Lake Timsah, Suez Canal. Aleem (1957) , likewise, concluded that the panels nearer to the bottom support less growth than those higher up, due to the scouring effect of bottom sand in deep waters.
Shading and proximity to the seafloor can both greatly influence the developrnent of subtidal epibiotic assemblages (Glasby, 1999b) . Many biotic and abiotic factors vary with proximity to the seafloor, so it is likely that different assemblages of organisms would occur on substrata in different positions relative to the seafloor (Long and Rucker, 1970) . It is questionable whether other factors such as water flow, scouring and competition or predation may affect the fouling assemblages (Glasby, 1999b) .
Meanwhile during winter season, an increase in the total abundance of both surfaces was observed with increasing the depth. This may be attributed to water temperature, which is expected to go up with increasing the depth of panel immersion down to 5.5 m. Munda (2005) recorded higher water temperature with increasing depth from 0 to 7 meters during February (winter season) at Punta Madonna of the Adriatic Sea.
Comparison of Dominant Taxa
Hydroides elegans was the most dominant species. Nedved and Hadfield (2009) indicated that this small serpulid polychaete is a real problem as a fouling organism in warm water marine harbours around the world. In the present investigation, on both orientations, Kruskal-Wallis tests only showed significant difference between the seasons with fewer individuals during winter. Qiu and Qian (1997) mentioned that high salinity and temperature favoured faster embryonic and larval development for this serpulid. This may explain the settlement peaks in summer or autumn when salinity does not decrease dramatically.
Balanus amphitrite is similarly a dominant fouling organism found in warm and temperate waters worldwide (Zullo, 1963) . This barnacle also showed significant difference between seasons with fewer individuals during winter season. B. amphitrite can survive water temperatures as low as 12°C, but will not breed in water colder than 15-18°C (Desai et al., 2006) .
More individuals of Styela partita settled on the lower than upper surface of the horizontal panels, since their larvae prefer shaded locations (Young and Chia, 1984) , as formerly also reported for, S. plicata from Italy (Tursi and Matarrese, 1981) .
As shown in the present work, the distribution of some dominant taxa was depth-related and presented significant differences. This is consistent with the data previously given by Relini et al. (1994) which recorded a decrease in the biomass and number of sessile taxa with depth, and by Kocak and Zamboni (1998) in the Loano AR, Ligurian Sea, Italy. The distribution of other taxa, like Ctenodrilus parvulus, Spirobranchus tetraceros and Styela partita was associated with depths. The limited data available on the behaviour of planktonic larvae indicate that some species of polychaetes such as Spirobranchus giganteus, become more demersal as they develop, and thus would be expected to settle in greatest numbers on substrata close to the seafloor (Smith, 1984) . Moreover, Dalby and Young (1992) concluded that early post-settlement mortality is a major factor setting the upper depth limit of two ascidians (S. plicata, Botryllus planus) in Florida epifaunal communities, USA.
It is clear that many factors would contribute to the distribution of macrofouling communities with respect to orientation and depth of substratum in marine environments. In view of the deficient data on other factors, it is hard to decisively prove any contribution. It is recommendable then that further detailed studies, using manipulative experiments are needed to evaluate the roles of other contributing factors. However, caution is required in considering the effects of depth and orientation because they may interact with each other and/or with other contributing factors. Moreover, quantitative comparisons with fouling assemblages from other harbours are seldom possible since most studies used different sampling techniques.
In conclusion, the comparison of the fouling communities at Abu Qir harbour, with regard to season, orientation and depth indicated different epibiotic assemblages. For seasonal changes, water temperature showed to be of primary importance. The role of orientation was affected by light, shade and the limited disturbing effect of sedimentation. For the impact of depth, more studies are needed to clarify the roles of factors such as light, predation/grazing, scouring, larval behaviour and water flow at micro-or meso-scales. carry out the field work. The acknowledgement is also extended to Dr. A. Mobaraki for reviewing the English text.
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